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1. Background

The original BANDSLIP R1.0 was developed by Nielan and Benedetti of Sandia National
Laboratories, Albuquerque, New Mexico, as a computational tool used to predict the dynamic
behavior of “de-spun” munitions (/). BANDSLIP R1.0 was distributed to the U.S. Army
Ballistics Research Laboratory! in 1989 and was later successfully used to qualitatively predict
the dynamic behavior of a 105-mm de-spun munition with the use of different slip-band designs

).

A munition is said to be de-spun when the munition’s angular velocity is significantly less than
its band’s angular velocity; thus, the band slips on the munition, thus the name “slip band.” With
the emergence of smart munitions that possess advanced guidance for dynamic targeting
capabilities, de-spun munitions are seen as the best approach for survivability of these fin-
stabilized, canard-guided munitions because of the reduced aerodynamic loads on the fins and
canards.

2. Theory

The cross section of a typical slip-band design is shown in figure 1. From this figure, it is seen
that the slip band rides on a section of material denoted as the band seat, which is outlined in the
figure by dashed lines. From experience, it is recommended that the slip band ride on a polymer
band seat for performance and reliability reasons (2). The polymer band seat is permanently fixed
to the sub-projectile and therefore, the band seat dynamic measurements (angular rotation, angular
velocity, etc.) are equivalent to the attached sub-projectile. A design using a distinct band seat
material relative to the slip band and the sub-projectile is referred to as a two-piece slip-band
design. Conversely, if the band seat is provided by the sub-projectile material, it is referred to as
a one-piece slip-band design. The base pressure is the pressure acting normal to the munition’s
surfaces rear of the band because of the propellant deflagration. The tube pressure is realized
after the slip band is radially compressed when it passes through the gun’s forcing cone and
subsequently remains radially confined by the gun barrel inner wall. The effect of the tube
pressure is to provide a compressive radial stress between the slip band and the band seat. The
magnitude of the induced radial stress is difficult to determine and is not constant along its length
(x-direction). However, since the code uses rigid body equations of motion (EoM), the mean
radial-induced stress is prescribed as the input to BANDSLIP.

"Now the U.S. Army Research Laboratory
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Figure 1. Typical de-spun munition geometry cross section illustrating the areas where the base
pressure acts upon the tube pressure and the axial and radial surfaces that transfer
torque to the sub-projectile.

The dynamic behavior of a de-spun munition is predicted via rigid body EoM coupled with a
kinematic constraint equation. The slip band is kinematically constrained to rotate in accordance
with the gun barrel rifling. With the subscripts “b” to denote band seat and “s” to denote slip

band, the kinematic constraint is defined by equation 1, in which 8, is the slip band’s angular
velocity, Ppae 1 the base pressure, Apqge 1s the munition’s base area, Rguq 1S the gun’s bore radius,
N is the lead of the rifling measured in calibers per revolution, and m is the total munition’s
mass. As previously noted, the base pressure acts on the munition’s surfaces rear of the slip
band; however, the net area over which the base pressure acts is the base area that is defined as
the total projected area of the munition base onto a plane whose normal is coincidental with the
centerline axis. The band seat, thus sub-projectile, moves according to the EoM condition

specified by equation 2, in which 8, is the sub-projectile’s angular velocity, T is the applied
torque, and I is the moment of inertia with respect to the sub-projectile’s axis of symmetry,
1.e., its centerline axis.

. T4 P,
G (= busebuse © (1)

gun
6= 2)

proj
The transmitted torque T(t) of equation 2 is calculated as shown in figure 2. As shown by this
figure, BANDSLIP compares the radial compressive contact pressure induced by gun barrel to
the base pressure. When the base pressure magnitude is larger than the radial contact pressure,
the slip band is unseated or “lifted,” and the torque transmitted by the radial surface is lost.
When the torque required to rotate the munition with the band cannot be maintained by the axial
and radial surfaces, slip occurs. The relative velocity between these surfaces generates heat. The
heat generation enables the melting of the slip band and/or the band seat materials at their
interface. The low viscosity melted liquid interface cannot support torsion loads, thereby



allowing slip. The munition’s angular velocity is therefore limited to its angular velocity when
both axial and radial surfaces have melted or the radial surface has lifted and the axial surface
has melted. The one-dimensional (1-D) thermal model used to predict the onset of melting at the
slip-band-band-seat interface is shown in figure 3. The 1-D heat transfer problem is governed by
equation 3 with the interface boundary condition given in equation 4. Using the subscripts “b” to
denote band seat and “s” to denote slip band, U is temperature, o is the material’s thermal
diffusivity, k is the material’s thermal conductivity. The heat flux, q", is the product of the
friction coefficient, U, the contact pressure, P (which differs between the axial and radial
interfaces), and the relative linear velocity, v, between the slip band and band seat. The
dummy spatial variable & is used since this model is valid for both the axial (1D in x coordinate)
and radial (1-D in r = y coordinate) interfaces.

0°U(£,0) _ 1 9U(,0)
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Observation of equations 3 and 4 reveals that

* slip band and band seat are assumed to have sufficient thickness in order to be treated
as semi-infinite materials;

» all work at the slip-band-to-band-seat interface generates heat;
* slip band and band seat are assumed to be homogeneous and isotropic;
» perfect contact is assumed in the heat generation term.

Solving the 1-D heat equation explicitly for the temperature at the interface (§ = 0) yields

" Nt
UE=0,0)=U(E=0,t -0+ 5
(f ) (E ) q \/]T(ksloscs +kb10bcb) ( )

in which U(0,t) is the current temperature at the interface, and U(0,t-At) is the previous
temperature interface. The development of equation 5 using the Laplace transform method is
presented in appendix A (3).

With equations 1 through 5, the torque transmitted from the slip band to the band seat, thus the
sub-projectile, can be calculated according to the program logic shown in figure 2. Note that the
model depicted in figure 1 shows that the axial and radial traction surfaces are normal and
therefore independent of each other. This implicit assumption is brought to the foreground in
view of the expression for the effective torque transmitted shown in figure 2. Therefore a slip-
band design featuring non-constant coordinate surfaces, e.g., a radially tapered interface, cannot
be accounted for because of the formulation in which the transmitted torque is calculated. Given
the effective transmitted torque, the band seat’s angular acceleration is calculated by equation 2.



The angular acceleration’s anti-derivatives, i.e., angular velocity and angular rotation, are
subsequently found via the method of first differences. For example, the angular velocity is
found by

8(t) = 0(¢t — i) + O(t) At (6)

Similarly, the angular rotation is calculated by

8(t) = 6(t - At) + O(t) At (7)

Depending on the type of analysis, BANDSLIP R1.2 outputs certain dynamic parameters to
ASCII (American standard code for information exchange) files for post-processing.

Is the slip band's angular velocity greater than the
sub-projectilés angular velocity for the previous time step? l‘

8s (t —1F) > b (t - 1Y)

Previously Previously Not
Slipping % N Slipping
U, (=0 <min[U,,, Uy, ] o
Axial Surface Not T (1) =165 (1)
Melted Y N
A
I,0)=u,A,r,P, (1) 7,()=0 Tpatie () = My A1, P (O + 11, 4,7, P, (1)
U, ([—At)<min[Um ,me] Treq (t) < Tcapablﬁ (t)
Radial Surface Not
Melted Y Y N
P,(1)> Py, (1) T()=T,, (0 T(t)= p, A7, P, (1) + 1, A7, P, (1)
Slipband N
not lifted vY T.()=0 Slipping Starts
T.()=p, A r P (1) ’
Subscript Definition
a — axial
; r — radial
T()=T,(t)+T,(t) b — bandseat
s — slipband
m — melt
t=t+M - i
Increment time req - required

Figure 2. Program logic for calculating the transmitted torque T(t) to the band seat, thus sub-projectile, from the slip band.
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Figure 3. Thermal 1-D model used to predict the onset of
melting at the slip-band-band-seat interface.

3. User’s Guide

Operating BANDSLIP R1.2 is straightforward. To run BANDSLIP R1.2, the source file
bandslipR12.f must be successfully compiled (creating bandslipR12.0bj), then simply linked
against itself to create bandslipR12.exe (as opposed to the original version of the code,
BANDSLIP R1.2 does not require linking against external libraries). The file bandslipR12.exe
can be executed on a personal computer running a Microsoft (MS) operating system by the
following procedure:

1. Find and execute bandslipR12.exe:

a. Open an MS command window. From the command window, change
directories to where bandslipR12.exe, the analysis input file (Al file), and the base pressure
input file (PI file) are located. Enter bandslipR12.exe at the command prompt.

OR
b. Locate bandslipR12.exe on the PC and double click the file to begin
execution.

2. Upon doing this, the user will be prompted to enter the name of the Al file. A sample
Al file is given in appendix B. Enter the name of this Al file, e.g., testhband.in, at the prompt.
The user will then be prompted to enter the name of the PI file.

3. The PI file is a two-column delimited ASCII file containing time versus base pressure
data. A sample PI file is presented in appendix C. Enter the name of the Pl file, e.g., testband.
press, at the prompt. BANDSLIP R1.2 will then run to completion if no errors exist in the input.

The analysis input file is divided into four main sections. The first section is referred to as the
analysis header section. The input in this section determines the type of analysis and the



controlling parameters for each of these analyses. There are two types of BANDSLIP R1.2
analyses: SWEEP and HISTORY. A SWEEP analysis sweeps through the defined limits of the
radial band pressure and slip-band-to-band-seat friction coefficients, or simply the friction
coefficients, and reports the slip band design’s initial slip time, lift time, axial and radial melt
time, required base pressure needed to induce slip, sub-projectile rotation at exit, and sub-
projectile angular velocity at exit. The SWEEP analysis produces a family of solutions, from
which the user with empirical knowledge of achievable tube pressure and friction coefficients
can select the appropriate conditions to study in further detail. An example of a SWEEP analysis
output is given in appendix D.

A HISTORY analysis outputs the time-dependent dynamic behavior of the band seat, thus the
affixed sub-projectile based on a uniquely specified radial band pressure and friction coefficient.
During a HISTORY analysis, BANDSLIP R1.2 reports the pressure, slip band angular acceleration
and velocity, sub-projectile angular acceleration and velocity, axial interface temperature, radial
interface temperature, and the distance traveled for each time step to the bandslip.outl file.
BANDSLIP R1.2 reports pressure, the transmitted torque, the maximum available torque, the
required torque, the torque transmitted across the axial interface, the torque transmitted by the
radial interface, and the projectile axial velocity for each step to the bandslip.out2 file. An
example of each HISTORY analysis output file is shown in appendix E.

A new feature in BANDSLIP R1.2 is that ability to explicitly define the slip band and band seat
materials in the analysis header section by a material identification number that is uniquely
associated with a material defined in the material database section. This feature allows multiple
materials to be defined in an Al file, allowing the user to easily switch materials for a given
geometry.

The second section is the analysis parameters section where unit conversion factors are located.
The third section is the analysis geometry section where the slip-band geometry is defined as
well as the munition’s moment of inertia with respect to the centerline axis. Note that this
assumes that the location where the moment of inertia is taken resides on the centerline axis, i.e.,
the munition is axisymmetric. The last section is the material database. This section defines the
relevant material properties needed for the analysis: density, thermal conductivity, specific heat,
and melt temperature. A table defining the Al file input, units, and descriptions is presented in
appendix F.

4. Summary

BANDSLIP R1.2 has successfully been revised and is now able to be run independent of
external libraries or subroutines. The theory and program logic of BANDSLIP R1.0 and R1.2
have been documented. A basic user’s guide has been presented for BANDSLIP R1.2.



Additionally, validated example analysis input and pressure input files with their corresponding
SWEEP and HISTORY output files are included in the appendices for reference. Finally, a
variable table given in appendix F details each of the input variables and units and provides a
short description.
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Appendix A. Development of Equation 5 — Temperature at Slip-Band-Band-
Seat Interface

Equation 5 gives the temperature at the slip-band-band-seat interface as

: At
UE=0,0)=U(t - Ar) + Al
(£=0.0=U(t -0 qJ R (A-1)

Beginning with the governing partial differential equation and boundary condition given in
equations 3 and 4 and taking the Laplace transform yields

O’U(&,1) _ 1 9U(E, nt 92 U(E s) _

Y2 a ot 0&? ( U(f D70 -
and
g QU000 0000 v by U 0s) UML) _aT (5
& o¢ 0¢ o6 s

Rearranging equation A-2 in Laplace space results in the ordinary differential equation

2 _
ddUT(f’S) —%sU(E,s) - —%UW (A-4)
which has the solution
) 1 F,o o,
Us(Es)=—U., + 4V + BV for £20 (A-52)
e o,
Us(E, s):—U +CeV™ + DV for £<0 (A-5b)

The condition as & - o, namely, U(§ - o,t) —» U, implies that U (§ - «,5) > U, ; therefore, the

coefficients A=D=0 of equations A-5a and A-5b, respectively. Also, imposing the condition that
the slip band and band seat have identical temperatures at the interface, i.e., Uy(§=0,t) and
Up(§=0,t), prescribes B = C. The remaining unknown coefficient B, thus C, is chosen so that it
satisfies the boundary condition at {&=0 defined by equation A-2.

S

k—[—U +BF] k2L, 4 et =
dy a

Vs

\/7Be*/7]+k\/736\/‘7] B\/_{ a—”}:q—” (A-6)




Solving for B yields

q |k k q 1
p=c=4 |5 45 |24 A7
S% |:as ab:| S% |:\/ks10scs +kbpbcb jl ( )

Substituting the expression for B and C = B into equations A-5a and A-5b, respectively, and

taking the inverse Laplace transform using the transform tables found in (3) yields

_ 251" -& /(4a 1) ¢
U,(x,t)=U, + Jie = erfc A-8a
\/ﬂ(kspscs +kbpbcb) \/Z 2 ast ( )
_ 2q’ & iday) _ S ¢
U,(x,t)=U, + Jte o — erfc (A-8b)
\/n-(kspscs +kbpbcb) B \/Z 2\Iabt |
At &=0
U, (§=0,0=U,(£=0,)=U, + 29t (A-9)
\/IT(ksloscs + kblobcb)
For the numerical analysis, as we step through time
UE=0,A)=U,, + 29" . t=At (A-10a)
\/ﬂ(ks Pscs +kypyc,)
UE=0,200)=U, +—— 24N o (A-10b)
\/ﬂ(ks Psc, *kypycy)
The difference between t; and t; is
U(E=0200) — U(E =0.Ar) = 29 V280~ A (A-11)

\/n-(ksloscs + kbpbcb)

Finally, rearranging and recasting the equation in a more general form yields the expression for
the interface temperature at time t as

2¢" e

UE=0,))=U(=0,t—Ar)+
\/ﬂ(kspscs +kblobcb)

(A-12)
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Appendix B. Sample BANDSLIP R1.2 Analysis Input File (festhband.in)

sweep
0. 0333
0.0

1. 034e+08
7.45e2

6. 3e+l
2.82e+2
1. 45e-4

1000.0

1.8
3.278

1. 66e-1
2.595e-3
2.5027e-3
1.7238e-2
5.2070
2.0el

5. 442e+1

0. 2664

3. 448e+08
0.1

1. 5355e-2

1.917e-2
7.4676e-2
7.2009e-2

7.812e-2

0. 0333

3. 448e+07
0.1

6. 829e- 3

I barrel

I'total

nparray
uinit
psi _fact
time_fact
Tf act mul t
| en_fact

lI's

A rear
area_a
area_r
| en
tw st
nmass

mat _| D
rho_a
k_a

anal type = sweep or history
mu_mn mu_max mu_step
p_rad min p_rad_max p_radstep
p_rad nmu_a nu_r
xdot _exit texit_est t peak
bandvat I D seat Mat | D <->

torq_fact

<->
Tf act add
ang_fact

<->

A base
rad_a
rad r
<->

rs

Anal ysi s Paraneters

ALUM NUM

11
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Appendix C. Sample BANDSLIP R1.2 Pressure Input File (testband.press)

. 000e-3 . 000e+6

. 250e-3 1. 154e+6 12. 250e-3 116. 907e+6
. 500e-3 1. 809e+6 12. 500e- 3 109. 829e+6
. 750e- 3 2.686e+6 12. 750e-3 103. 405e+6
. 000e-3 3.916e+6 13. 000e-3 97. 558e+6
. 250e-3 5. 604e+6 13. 250e-3 92. 222e+6
. 500e-3 7.883e+6 13.500e-3 87.339e+6
. 750e-3 10. 910e+6 13. 750e- 3 82. 859e+6
. 000e-3 14. 875e+6 14. 000e-3 78. 739e+6
. 250e-3 20. 000e+6 14. 250e- 3 74.941e+6
. 500e-3 26. 545e+6 14. 500e- 3 71. 432e+6
. 750e- 3 34.813e+6 14. 750e- 3 68. 184e+6
. 000e-3 45. 145e+6 15. 000e- 3 65. 525e+6
. 250e-3 57.924e+6 15. 250e- 3 62. 000e+6
. 500e- 3 73. 349e+6 15. 500e- 3 59. 000e+6
. 750e- 3 91. 921e+6

. 000e-3 114. 098e+6
. 250e-3 139. 598e+6
. 500e- 3 169. 049e+6
. 750e- 3 202. 469e+6
. 000e- 3 230. 608e+6
. 250e-3 255. 084e+6
. 500e-3 277.800e+6
. 750e- 3 297. 676e+6
. 000e-3 313. 748e+6
. 250e-3 325. 397e+6
. 500e-3 332. 373e+6
. 750e-3 334. 766e+6
. 000e-3 332. 969e+6
. 250e-3 327. 700e+6
. 500e- 3 319. 752e+6
. 750e-3 309. 786e+6
. 000e-3 298. 463e+6
. 250e-3 286. 341e+6
. 500e- 3 273. 866e+6
. 750e- 3 261. 375e+6
. 000e-3 249. 112e+6
. 250e-3 237. 245e+6
. 500e- 3 225. 881e+6
. 750e-3 215. 082e+6
10. 000e- 3 204. 877e+6
10. 250e- 3 195. 272e+6
10. 500e- 3 186. 256e+6
10. 750e- 3 177. 809e+6
11. 000e-3 165. 844e+6
11. 250e- 3 153. 802e+6
11. 500e- 3 143. 044e+6
11. 750e-3 133. 401e+6
12. 000e- 3 124. 729e+6

OCOOWWOWOWOWOOONNNNOOOOODOOOOUITUNUITUORADRDRERDRWWWWNNNNRERREREPR
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Appendix D. Sample SWEEP Analysis Qutput File Generated From
testband.in and testband.press

prad
0.00
4999.60
9999.20
14998.80
19998.40
24998.00
29997.60
34997.20
39996.80
44996.40
49996.00
prad

0.00
4999.60
9999.20
14998.80
19998.40
24998.00
29997.60
34997.20
39996.80
44996.40
49996.00
prad

0.00
4999.60
9999.20
14998.80
19998.40
24998.00
29997.60
34997.20
39996.80
44996.40
49996
prad

0.00
4999.60
9999.20
14998.80
19998.40
24998.00
29997.60
34997.20
39996.80
44996.40
49996

mu
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

mu
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07

mu
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23
0.23

mu
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27
0.27

tslip
0.25
2.00
2.75
3.00
3.25
3.50
3.75
4.00
4.00
4.25
4.25
tslip
0.25
2.75
3.25
3.75
4.25
4.5
4.75
4.75
5.25
5.5
5.75
tslip
0.25
2.75
3.50
4.00
4.25
4.75
5.00
5.25
5.50
6.00
999000.00
tslip
0.25
2.75
3.50
4.00
4.25
4.75
5.00
5.25
5.50
6.00
999000.00

thift
0.00
2.75
3.50
4.00
4.25
4.75
5.00
5.25
5.50
6.00
999000.00
tlift
0.00
2.75
3.50
4.00
4.25
4.75
5.00
5.25
5.50
6.00
999000.00
tlift
0.00
2.75
3.50
4.00
4.25
4.75
5.00
5.25
5.50
6.00
999000.00
tlift
0.00
2.75
3.50
4.00
4.25
4.75
5.00
5.25
5.50
6.00
999000.00

tmelt_a
4.75
5.00
5.00
5.00
5.25
5.25
5.50
5.50
5.75
5.75
6.00
tmelt_a
4.50
4.50
4.75
5.00
5.25
5.50
5.50
5.75
6.00
6.50
7.00
tmelt_a
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.50
999000.00
tmelt_a
4.00
4.25
4.50
4.75
5.00
5.25
5.50
5.75
6.00
6.50
999000.00
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tmelt_r
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
5.75

5.75
tmelt_r
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
7.00
tmelt_r
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
tmelt_r
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00
999000.00

pslip
167.33
2156.88
5047.89
6546.03
8398.98
10635.61
13328.55
16544.21
16544.21
20241.71
20241.71
pslip
167.33
5047.89
8398.98
13328.55
20241.71
2451211
29358.01
29358.01
36987.19
40281.00
43163.02
pslip
167.33
5047.89
10635.61
16544.21
20241.71
29358.01
33438.17
36987.19
40281.00
45493.46
0.14
pslip
167.33
5047.89
10635.61
16544.21
20241.71
29358.01
33438.17
36987.19
40281.00
45493.46
0.14

ths
0.01
0.04
0.07
0.11
0.14
0.19
0.23
0.27
0.32
0.37
0.39

ths
0.02
0.05
0.10
0.15
0.19
0.27
0.32
0.38
0.45
0.59
0.85

ths
0.05
0.08
0.13
0.18
0.22
0.30
0.36
0.43
0.50
0.65
1.71

ths
0.06
0.09
0.14
0.19
0.23
0.31
0.37
0.44
0.51
0.66
1.71

thsdot
1.27
3.51
6.14
9.14
12.06
16.68
20.73
24.83
29.75
34.83
37.34
thsdot
2.02
4.41
8.30
12.90
16.60
24.34
29.20
35.66
43.02
58.29
89.27
thsdot
4.31
7.20
11.10
15.79
19.96
27.81
34.08
41.08
48.72
65.61
257.03
thsdot
4.93
7.84
11.75
16.45
20.75
28.48
34.83
41.90
49.61
66.60
257.03



! the following are the same for all runs
! exit time

! band exit spin speed

! band exit rotation

! exit velocity

14.49999
257.0304
1.710064
2635.095
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Appendix E. Sample HISTORY Analysis Output Files bandslip.outl and
bandslip.out2 Generated From testband.in and testband.press

bandslip.outl Output File

!
| radial pressure = 0.14993E+05
!
!

17

friction coefficient = 0. 10000
t p t hbddot t hsddot t hbdot t hsdot tenp_a tenmp_r

0. OOOE+00 0. O00E+00 0. OOOE+00 0. 000E+00 0. 000E+00 O0.O000E+00 0.486E+02 0.486E+02 O
0. 250E+00 0.167E+03 0.130E+03 0.130E+03 0.325E-01 0.325E-01 O0.486E+02 0.486E+02 0
0. 500E+00 0.262E+03 0.204E+03 0.204E+03 0.834E-01 0.834E-01 0.486E+02 0.486E+02 O
0. 750E+00 0. 389E+03 0. 302E+03 0. 302E+03 0. 159E+00 0. 159E+00 O0.486E+02 0.486E+02 O
0. 100E+01 0.568E+03 0. 441E+03 0.441E+03 0.269E+00 0.269E+00 0.486E+02 0.486E+02 O
0. 125E+01 0. 813E+03 0. 631E+03 0.631E+03 0.427E+00 0.427E+00 O0.486E+02 0.486E+02 O
0. 150E+01 0.114E+04 0.888E+03 0.888E+03 0.649E+00 0.649E+00 O0.486E+02 0.486E+02 0
0.175E+01 0. 158E+04 0. 123E+04 0.123E+04 0.956E+00 0.956E+00 0.486E+02 0.486E+02 O
0. 200E+01 0. 216E+04 0.168E+04 0.168E+04 0.138E+01 0.138E+01 0.486E+02 0.486E+02 O
0. 225E+01 0. 290E+04 0. 225E+04 0. 225E+04 0. 194E+01 0. 194E+01 0. 486E+02 0.486E+02 O
0. 250E+01 0. 385E+04 0.299E+04 0.299E+04 0.269E+01 0.269E+01 0.486E+02 0.486E+02 0
0. 275E+01 0.505E+04 0.392E+04 0.392E+04 0.367E+01 0.367E+01 0.486E+02 0.486E+02 0
0. 300E+01 0. 655E+04 0.508E+04 0.508E+04 0.494E+01 0.494E+01 O0.486E+02 0.486E+02 O
0. 325E+01 0. 840E+04 0. 652E+04 0. 652E+04 0.657E+01 0.657E+01 0.486E+02 0.486E+02 O
0. 350E+01 0. 106E+05 0.826E+04 0.826E+04 0.863E+01 0.863E+01 0.486E+02 0.486E+02 O
0.375E+01 0. 133E+05 0. 104E+05 0.104E+05 0.112E+02 0.112E+02 0.486E+02 0.486E+02 O
0. 400E+01 0. 165E+05 0. 128E+05 0.212E+04 0. 144E+02 0.118E+02 0.486E+02 0.486E+02 O
0. 425E+01 0. 202E+05 0. 157E+05 0. 259E+04 0. 184E+02 0.124E+02 0. 176E+03 0.486E+02 O
0. 450E+01 0. 245E+05 0. 190E+05 0. 314E+04 0.231E+02 0.132E+02 0.434E+03 0.486E+02 O
0. 475E+01 0. 294E+05 0.228E+05 0.376E+04 0.288E+02 0.141E+02 0.890E+03 0.486E+02 O
0. 500E+01 0. 334E+05 0.260E+05 0.000E+00 0.353E+02 0.141E+02 0.890E+03 0.486E+02 O
0.525E+01 0. 370E+05 0. 287E+05 0.000E+00 0.425E+02 0.141E+02 0.890E+03 0.486E+02 O
0.550E+01 0.403E+05 0.313E+05 0.000E+00 0.503E+02 0.141E+02 0.890E+03 0.486E+02 0
0.575E+01 0. 432E+05 0.335E+05 0. 000E+00 0.587E+02 0.141E+02 0.890E+03 0.486E+02 O
0. 600E+01 0. 455E+05 0. 353E+05 0.000E+00 O0.675E+02 0.141E+02 0.890E+03 0.486E+02 O
0. 625E+01 0.472E+05 0. 366E+05 0.000E+00 0.767E+02 0.141E+02 0.890E+03 0.486E+02 O

w

. 000E+00
. 833E- 04
. 297E-03

705E- 03
139E-02
249E-02
415E- 02
660E- 02
101E-01
151E-01
220E- 01
314E-01
440E-01
609E-01
830E- 01
112E+00

. 149E+00

196E+00

. 255E+00
. 329E+00
. 419E+00
. 528E+00

657E+00

. 808E+00
. 981E+00
. 118E+01



bandslip.out2 Output File

radi al

pressure =

friction coefficient =

0000000000000 00000000000000

t

. 000E+00
. 250E+00

500E+00

. 750E+00
. 100E+01
. 125E+01
. 150E+01

175E+01

. 200E+01
. 225E+01
. 250E+01
. 275E+01

300E+01

. 325E+01
. 350E+01
. 375E+01
. 400E+01

425E+01

. 450E+01

475E+01

. 500E+01
. 525E+01
. 550E+01
. 575E+01
. 600E+01
. 625E+01
. 650E+01

0000000000000 00000000000000

p
. 000E+00
. 167E+03

262E+03

. 389E+03
. 568E+03
. 813E+03
. 114E+04

158E+04

. 216E+04
. 290E+04
. 385E+04
. 505E+04

655E+04

. 840E+04
. 106E+05
. 133E+05
. 165E+05

202E+05

. 245E+05

294E+05

. 334E+05
. 370E+05
. 403E+05
. 432E+05
. 455E+05
. 472E+05
. 482E+05

0000000000000 00000000000000

0. 14993E+05

0. 10000
tor_tot

. 000E+00
. 100E+03

157E+03

. 233E+03
. 339E+03
. 486E+03

683E+03
945E+03
129E+04
173E+04
230E+04
302E+04
391E+04
502E+04

. 636E+04
. 7T97E+04
. 163E+04

199E+04

. 241E+04

289E+04

. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

COO0000000000000000000000000

tor _max

. 946E+04
. 948E+04

949E+04

. 950E+04
. 952E+04
. 954E+04
. 957E+04

962E+04
967E+04
974E+04
984E+04
996E+04
101E+05
103E+05
105E+05
108E+05
163E+04
199E+04
241E+04
289E+04

. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
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COO0000000000000000000000000

tor_req

. 000E+00
. 100E+03

157E+03
233E+03
339E+03
486E+03
683E+03
945E+03
129E+04
173E+04
230E+04
302E+04
391E+04

. 502E+04
. 636E+04
. 797E+04

989E+04
121E+05
146E+05
175E+05

. 200E+05
. 221E+05
. 241E+05
. 258E+05
. 272E+05
. 282E+05
. 288E+05

0000000000000 00000000000000

tor_a

. 000E+00
. 165E+02

258E+02

. 384E+02
. 559E+02
. 800E+02
. 113E+03

156E+03
212E+03
286E+03
379E+03
497E+03
645E+03
827E+03
105E+04
131E+04
163E+04
199E+04

. 241E+04

289E+04

. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

0000000000000 0000000000000

tor_r

. 946E+04
. 946E+04

946E+04

. 946E+04
. 946E+04
. 946E+04
. 946E+04

946E+04

. 946E+04
. 946E+04
. 946E+04
. 946E+04

946E+04

. 946E+04
. 946E+04
. 946E+04
. 000E+00

000E+00

. 000E+00

000E+00

. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00
. 000E+00

COO0000000000000000000000000

wdot

. 000E+00
. 333E+00

855E+00
163E+01
276E+01
438E+01
665E+01
980E+01
141E+02
199E+02
275E+02
376E+02
506E+02
673E+02
885E+02
115E+03

. 148E+03

188E+03

. 237E+03

296E+03

. 362E+03
. 436E+03
. 516E+03
. 602E+03
. 692E+03
. 786E+03
. 882E+03



Appendix F. BANDSLIP R1.2 Variable Table

Parameter | Units |Description
Analysis Header Section
analtype | sweep | history | Selection dictates type of BANDSLIP R1.2 analysis
mu_min - Lower bound for coefficient of friction for Sweep Analysis (SA)
mu_max - Upper bound for coefficient of friction for SA
mu_step - Incremental step size for coefficient of friction for SA
p_rad_min Pa Lower bound for radial contact pressure for SA
p_rad_max Pa Upper bound radial contact pressure for SA
p_rad_step Pa Incremental radial contact pressure for SA
p_rad Pa Radial contact pressure for History Analysis (HA)
mu_a - Axial coefficient of friction for HA
mu_r - Radial coefficient of friction for HA
xdot_exit m/sec Subprojectile muzzle velocity
texit_est sec Munition estimated exit time
tpeak sec Pressure pulse peak time
Analysis Parameters Section
nparray - Number of points in supplied pressure-vs.-time curve
step - Time step size (should be close to temporal space of pressure-time curve)
u_init K Initial temperature
psi_fact Scale Factor (SF) used to convert Pascal to [PSI] or other unit for output only
torq_fact SF used to convert Nm to [ft-Ibf] or other unit for output only
time_fact SF used to convert seconds to [msec] or other unit for output only
Tfactmult Multiplied part of temperature conversion equation, K to [°F] for output only
Tfactadd Additive part of temperature conversion equation, K to [°F] t for output only
len_fact SF used to convert meters to [inch] or other unit for output only
ang_fact rev/rad SF used to convert radians to revolutions
Analysis Geometry Section
Is kg-m2 Moment of Inertia with respect to projectile and cannon centerline axis
A rear m? Rear area of projectile
A_base m? Base area of projectile
area_a m? Axial traction surface area
rad_a m Effective radius (moment arm) of axial traction
area_r m? Radial traction surface area
rad_r m Effective radius (moment arm) of radial traction
barrel_len m Cannon barrel length
rs m Cannon barrel radius
twist calibers/rev | Rifling pitch measured in calibers per revolution
total mass kg Mass of band and subprojectile
Material Database Section
mat_ID - Material database ID number
rho_a kg/m3 Density of slipband in axial direction
rho_r kg/m3 Density of slipband in radial direction
k_a W/m - K Material thermal conductivity in axial direction
k r W/m - K Material thermal conductivity in radial direction
c a J/kg-K Material specific heat in axial direction
cr J/kg-K Material specific heat in radial direction
umelt_a K Material Melt Termperature in the axial direction
umelt r K Material melt temperature in the radial direction
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NO. OF

COPIES ORGANIZATION

*

ADMINISTRATOR

DEFENSE TECHNICAL INFO CTR
ATTN DTIC OCA

8725 JOHN J KINGMAN RD STE 0944
FT BELVOIR VA 22060-6218

*pdf file only

DIRECTOR

US ARMY RSCH LABORATORY

ATTN IMNE ALC IMS MAIL & REC MGMT
2800 POWDER MILL RD

ADELPHI MD 20783-1197

DIRECTOR

US ARMY RSCH LABORATORY

ATTN AMSRD ARL CIOK TL TECH LIB
2800 POWDER MILL RD

ADELPHI MD 20783-1197

DIRECTOR

US ARMY RESEARCH LAB

ATTN AMSRD ARL SE DE R ATKINSON
2800 POWDER MILL RD

ADELPHI MD 20783-1197

DIR US ARMY RESEARCH LAB

ATTN AMSRD ARL WM MB T LI
A ABRAHAMIAN M BERMAN
M CHOWDHURY A FRYDMAN
E SZYMANSKI

2800 POWDER MILL RD

ADELPHI MD 20783-1197

US ARMY RSRCH DEV & ENG CMD
SYSTEMS OF SYSTEMS INTEGRATION
ATTN AMSRD SST

6000 6TH ST STE 100

FORT BELVOIR VA 22060-5608

INST FOR ADVNCD TCHNLGY
THE UNIV OF TEXAS AT AUSTIN
4030-2 W BRAKER LN

AUSTIN TX 78759-5329

COMMANDER

US ARMY MATERIEL CMD
ATTN AMXMI INT

5001 EISENHOWER AVE
ALEXANDRIA VA 22333-0001

PM MAS
ATTN SFAE AMO MAS
SFAE AMO MAS MC
CHIEF ENGINEER
PICATINNY ARSENAL NJ 07806-5000
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NO. OF

COPIES ORGANIZATION

2

PM MAS
ATTN SFAE AMO MAS PS

SFAE AMO MAS LC
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR CC COL JENKER
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR FSE
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR TD
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC

ATTN AMSTAARCCHA DVO
F ALTAMURA M NICOLICH
M PALATHINGUL R HOWELL
A VELLA M YOUNG

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR CCHA L MANOLE
S MUSALLI R CARR M LUCIANO
E LOGSDEN T LOUZEIRO
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA ARCCHP JLUTZ
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA ARFSFT C LIVECCHIA
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA ASF
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR QACT C JPAGE
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA ARM D DEMELLA
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC

ATTN AMSTA AR FSA A WARNASH
B MACHAK M CHIEFA

PICATINNY ARSENAL NJ 07806-5000



NO. OF

COPIES ORGANIZATION

2

CDR US ARMY ARDEC

ATTN AMSTA AR FSP G M SCHIKSNIS
D CARLUCCI

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC

ATTN AMSTA AR CCH C H CHANIN
S CHICO

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR QACT D RIGOGLIOSO
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR WELF M GUERRIERE
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR CCH B P DONADIA
F DONLON P VALENTI
C KNUTSON G EUSTICE
K HENRY JMCNABOC
R SAYER F CHANG
PICATINNY ARSENAL NJ 07806-5000

PM ARMS

ATTN SFAE GCSS ARMS

BLDG 171

PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY ARDEC
ATTN AMSTA AR WEA J BRESCIA
PICATINNY ARSENAL NJ 07806-5000

CDR US ARMY TACOM
PM COMBAT SYSTEMS
ATTN SFAE GCS CS
6501 ELEVEN MILE RD
WARREN MI 48397-5000

CDR US ARMY TACOM

PM SURVIVABLE SYSTEMS

ATTN SFAE GCSS W GSIH M RYZYI
6501 ELEVEN MILE RD

WARREN MI 48397-5000

CDR US ARMY TACOM
CHIEF ABRAMS TESTING
ATTN SFAE GCSS W AB QT
T KRASKIEWICZ
6501 ELEVEN MILE RD
WARREN MI 48397-5000
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NO. OF

COPIES ORGANIZATION

1

COMMANDER

US ARMY TACOM
ATTN AMSTA SF
WARREN MI 48397-5000

DIR AIR FORCE RSCH LAB

ATTN MLLMD D MIRACLE

2230 TENTH ST

WRIGHT PATTERSON AFB OH 45433-7817

OFC OF NAVAL RESEARCH
ATTN J CHRISTODOULOU
ONR CODE 332

800 N QUINCY ST
ARLINGTON VA 22217-5600

CDR WATERVLIET ARSENAL
ATTN SMCWV QAE Q B VANINA
BLDG 44

WATERVLIET NY 12189-4050

HQ IOC TANK

AMMUNITION TEAM

ATTN AMSIO SMT R CRAWFORD
W HARRIS

ROCK ISLAND IL 61299-6000

COMMANDER

US ARMY AMCOM

AVIATION APPLIED TECH DIR
ATTN J SCHUCK

FORT EUSTIS VA 23604-5577

NSWC
DAHLGREN DIV CODE G06
DAHLGREN VA 22448

US ARMY CORPS OF ENGINEERS
ATTN CERDC TLIU

CEWET T TAN
20 MASSACHUSETTS AVE NW
WASHINGTON DC 20314

US ARMY COLD REGIONS
RSCH & ENGRNG LAB
ATTN P DUTTA

72 LYME RD

HANOVER NH 03755

CDR US ARMY TACOM

ATTN AMSTA TR R R MCCLELLAND
D THOMAS JBENNETT
D HANSEN

WARREN MI 48397-5000



NO. OF

COPIES ORGANIZATION

4

CDR US ARMY TACOM

ATTN AMSTA JSK S GOODMAN
JFLORENCE D TEMPLETON
A SCHUMACHER

WARREN MI 48397-5000

CDR US ARMY TACOM
ATTN AMSTA TR D D OSTBERG
L HINOJOSA B RAJU
AMSTA CS SF H HUTCHINSON
F SCHWARZ
WARREN MI 48397-5000

BENET LABS

ATTN AMSTA AR CCB R FISCELLA
M SOJA E KATHE G FRIAR
M SCAVULO G SPENCER

WATERVLIET NY 12189-4050

BENET LABS
ATTN AMSTA AR CCB P WHEELER
S KRUPSKI J VASILAKIS
R HASENBEIN
WATERVLIET NY 12189-4050

BENET LABS

ATTN AMSTA CCBR S SOPOK
EHYLAND D CRAYON
R DILLON

WATERVLIET NY 12189-4050

USA SBCCOM PM SOLDIER SPT
ATTN AMSSB PM RSS A J CONNORS
KANSAS ST

NATICK MA 01760-5057

NSWC

TECH LIBRARY CODE B60
17320 DAHLGREN RD
DAHLGREN VA 22448

USA SBCCOM

MATERIAL SCIENCE TEAM

ATTN AMSSB RSS J HERBERT
M SENNETT

KANSAS ST

NATICK MA 01760-5057

OFC OF NAVAL RESEARCH

ATTN D SIEGEL CODE 351 JKELLY
800 N QUINCY ST

ARLINGTON VA 22217-5660

22

NO. OF

COPIES ORGANIZATION

1

NSWC

CRANE DIVISION

M JOHNSON CODE 20H4
LOUISVILLE KY 40214-5245

NSwWC
ATTN U SORATHIA
C WILLIAMS CODE 6551
9500 MACARTHUR BLVD
WEST BETHESDA MD 20817

CDR NSWC
CARDEROCK DIVISION
ATTN R PETERSON CODE 2020
M CRITCHFIELD CODE 1730
BETHESDA MD 20084

DIR US ARMY NGIC
ATTN D LEITER MS 404
J GASTON MS 301
M HOLTUS MS 301
M WOLFE MS 307
2055 BOULDERS RD
CHARLOTTESVILLE VA 22911-8318

DIR US ARMY NGIC
ATTN S MINGLEDORF MS 504
W GSTATTENBAUER MS 304
R WARNER MS 305
J CRIDER MS 306
2055 BOULDERS RD
CHARLOTTESVILLE VA 22911-8318

NAVAL SEA SYSTEMS CMD
ATTN D LIESE

1333 ISAAC HULL AVE SE 1100
WASHINGTON DC 20376-1100

US ARMY SBCCOM

SOLDIER SYSTEMS CTR

BALLISTICS TEAM

ATTN J WARD W ZUKAS
P CUNNIFF JSONG

KANSAS ST

NATICK MA 01760-5019

US ARMY SBCCOM
SOLDIER SYSTEMS CTR
MARINE CORPS TEAM J MACKIEWICZ
ATTN AMSSB RCP SS W NYKVIST
S BEAUDOIN
KANSAS ST
NATICK MA 01760-5019



NO. OF

COPIES ORGANIZATION

7

US ARMY RESEARCH OFC
ATTN A CROWSON H EVERITT
JPRATER G ANDERSON
D STEPP D KISEROW J CHANG
PO BOX 12211
RSCH TRIANGLE PARK NC 27709-2211

AFRL MLBC
2941 P ST RM 136
WRIGHT PATTERSON AFB OH 45433-7750

DIRECTOR

LOS ALAMOS NATL LAB

ATTN F L ADDESSIO T 3 MS 5000
PO BOX 1633

LOS ALAMOS NM 87545

NSWC

ATTN J FRANCIS CODE G30
D WILSON CODE G32
R D COOPER CODE G32
JFRAYSSE CODE G33

DAHLGREN VA 22448

NSWC
ATTN T DURAN CODE G33
L DE SIMONE CODE G33
R HUBBARD CODE G33
DAHLGREN VA 22448

NSWC

CARDEROCK DIVISION

R CRANE CODE 6553

9500 MACARTHUR BLVD

WEST BETHESDA MD 20817-5700

AFRL MLSS

ATTN R THOMSON

2179 12TH ST RM 122

WRIGHT PATTERSON AFB OH 45433-7718

AFRL

ATTN F ABRAMS J BROWN

BLDG 653

2977 P ST STE 6

WRIGHT PATTERSON AFB OH 45433-7739

DIR LAWRENCE LIVERMORE NATL LAB
ATTN R CHRISTENSEN
S DETERESA F MAGNESS
M FINGER MS 313
M MURPHY L 282
PO BOX 808
LIVERMORE CA 94550
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COPIES ORGANIZATION

1

AFRL MLS OL

ATTN L COULTER

5851 F AVE

BLDG 849 RM ADI1A
HILL AFB UT 84056-5713

OSD

JOINT CCD TEST FORCE

ATTN OSD JCCD R WILLIAMS
3909 HALLS FERRY RD
VICKSBURG MS 29180-6199

DARPA

ATTN M VANFOSSEN S WAX
L CHRISTODOULOU

3701 N FAIRFAX DR

ARLINGTON VA 22203-1714

OAK RIDGE NATL LAB
ATTN R M DAVIS
C EBERLE MS 8048
CD WARREN MS 8039
PO BOX 2008
OAK RIDGE TN 37831-6195

DIR SANDIA NATL LABS

APPLIED MECHS DEPT

ATTN MS 9042 J HANDROCK
Y R KAN J LAUFFER

PO BOX 969

LIVERMORE CA 94551-0969

NIST

ATTN M VANLANDINGHAM MS 8621
J CHIN MS 8621
JMARTIN MS 8621
D DUTHINH MS 8611

100 BUREAU DR

GAITHERSBURG MD 20899

HYDROGEOLOGIC INC

ATTN SERDP ESTCP SPT OFC S WALSH
1155 HERNDON PKWY STE 900
HERNDON VA 20170

NASA LANGLEY RSCH CAR
ATTN AMSRD ARL VT

W ELBER MS 266

F BARTLETT JR MS 266

G FARLEY MS 266
HAMPTON VA 23681-0001



NO. OF

COPIES ORGANIZATION

1

FHWA

ATTN E MUNLEY

6300 GEORGETOWN PIKE
MCLEAN VA 22101

USDOT FEDERAL RAILROAD
ATTN M FATEH RDV 31
WASHINGTON DC 20590

CYTEC FIBERITE

ATTN R DUNNE D KOHLI
R MAYHEW

1300 REVOLUTION ST

HAVRE DE GRACE MD 21078

DIR NGIC

ATTN TANG TMT

2055 BOULDERS RD
CHARLOTTESVILLE VA 22911-8318

3TEX CORP

ATTN A BOGDANOVICH
JSINGLETARY

109 MACKENAN DR

CARY NC 27511

DIR DEFENSE INTLGNC AGENCY
TAS

ATTN K CRELLING
WASHINGTON DC 20310

COMPOSITE MATERIALS INC
ATTN D SHORTT

19105 63 AVE NE

PO BOX 25

ARLINGTON WA 98223

JPS GLASS

ATTN L CARTER
PO BOX 260
SLATER RD
SLATER SC 29683

COMPOSITE MATERIALS INC
ATTN R HOLLAND

11 JEWEL CT

ORINDA CA 94563

COMPOSITE MATERIALS INC
ATTN CRILEY

14530 S ANSON AVE

SANTA FE SPRINGS CA 90670
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COPIES ORGANIZATION

1

SIMULA

ATTN RHUYETT
10016 S 51ST ST
PHOENIX AZ 85044

PROTECTION MATERIALS INC
ATTN M MILLER F CRILLEY
14000 NW 58 CT

MIAMI LAKES FL 33014

FOSTER MILLER

ATTN M ROYLANCE W ZUKAS
195 BEAR HILL RD

WALTHAM MA 02354-1196

ROM DEVELOPMENT CORP
ATTN R O MEARA

136 SWINEBURNE ROW
BRICK MARKET PLACE
NEWPORT RI 02840

TEXTRON SYSTEMS

ATTN M TREASURE T FOLTZ
1449 MIDDLESEX ST

LOWELL MA 01851

O GARA HESS & EISENHARDT
ATTN M GILLESPIE

9113 LESAINT DR

FAIRFIELD OH 45014

MILLIKEN RESEARCH CORP
ATTN M MACLEOD

PO BOX 1926
SPARTANBURG SC 29303

CONNEAUGHT INDUSTRIES INC
ATTN J SANTOS

PO BOX 1425

COVENTRY RI 02816

ARMTEC DEFENSE PRODUCTS
ATTN SDYER

85901 AVE 53

PO BOX 848

COACHELLA CA 92236

PACIFIC NORTHWEST LAB

ATTN M SMITH G VAN ARSDALE
R SHIPPELL

PO BOX 999

RICHLAND WA 99352



NO. OF

COPIES ORGANIZATION

1

ALLIANT TECHSYSTEMS INC
4700 NATHAN LN N
PLYMOUTH MN 55442-2512

APPLIED COMPOSITES
ATTN W GRISCH

333 NORTH SIXTH ST
ST CHARLES IL 60174

CUSTOM ANALYTICAL
ENG SYS INC

ATTN A ALEXANDER
13000 TENSOR LANE NE
FLINTSTONE MD 21530

AAI CORP

ATTN DR N B MCNELLIS

PO BOX 126

HUNT VALLEY MD 21030-0126

OFC DEPUTY UNDER SEC DEFNS
ATTN J THOMPSON

1745 JEFFERSON DAVIS HWY
CRYSTAL SQ 4 STE 501
ARLINGTON VA 22202

ALLIANT TECHSYSTEMS INC
ATTN JCONDON ELYNAM
J GERHARD
WVO01 16 STATE RT 956
PO BOX 210
ROCKET CENTER WV 26726-0210

PROJECTILE TECHNOLOGY INC
515 GILES ST
HAVRE DE GRACE MD 21078

PRATT & WHITNEY

ATTN C WATSON

400 MAIN ST MS 114 37
EAST HARTFORD CT 06108

NORTHROP GRUMMAN
ATTN B IRWIN K EVANS
D EWART JMCGLYNN
A SHREKENHAMER
BLDG 160 DEPT 3700
1100 W HOLLYVALE ST
AZUSA CA 91701

BRIGS COMPANY

ATTN J BACKOFEN

2668 PETERBOROUGH ST
HERNDON VA 22071-2443
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COPIES ORGANIZATION

1

ZERNOW TECHNICAL SERVICES
ATTN L ZERNOW

425 W BONITA AVE STE 208

SAN DIMAS CA 91773

GENERAL DYNAMICS OTS
FLINCHBAUGH DIV

ATTN KLINDE TLYNCH
PO BOX 127

RED LION PA 17356

GKN WESTLAND AEROSPACE
ATTN D OLDS

450 MURDOCK AVE
MERIDEN CT 06450-8324

BOEING ROTORCRAFT
ATTN P HANDEL

800 B PUTNAM BLVD
WALLINGFORD PA 19086

SIKORSKY AIRCRAFT

ATTN G JACARUSO JADELMANN
T CARSTENSAN B KAY
S GARBO MS S330A

6900 MAIN ST

PO BOX 9729

STRATFORD CT 06497-9729

AEROSPACE CORP

ATTN G HAWKINS M4 945
2350 E EL SEGUNDO BLVD
EL SEGUNDO CA 90245

CYTEC FIBERITE

ATTN MLIN W WEB
1440 N KRAEMER BLVD
ANAHEIM CA 92806

UDLP

ATTN G THOMAS M MACLEAN
PO BOX 58123

SANTA CLARA CA 95052

UDLP
ATTN R BRYNSVOLD
P JANKE MS 170
4800 E RIVER RD
MINNEAPOLIS MN 55421-1498

LOCKHEED MARTIN
SKUNK WORKS

ATTN D FORTNEY

1011 LOCKHEED WAY
PALMDALE CA 93599-2502



NO. OF

COPIES ORGANIZATION

1

NORTHRUP GRUMMAN CORP
ELECTRONIC SENSORS & SYSTEMS DIV
ATTN E SCHOCHMS V 16

1745A W NURSERY RD

LINTHICUM MD 21090

GDLS DIVISION
ATTN D BARTLE
PO BOX 1901
WARREN MI 48090

GDLS

ATTN D REES M PASIK
PO BOX 2074

WARREN MI 48090-2074

GDLS

MUSKEGON OPER
ATTN M SOIMAR

76 GETTY ST
MUSKEGON MI 49442

GENERAL DYNAMICS
AMPHIBIOUS SYS
SURVIVABILITY LEAD
ATTN G WALKER

991 ANNAPOLIS WAY
WOODBRIDGE VA 22191

INST FOR ADVANCED TECH
ATTN HFAIR IMCNAB

P SULLIVAN S BLESS

W REINECKE C PERSAD
3925 W BRAKER LN STE 400
AUSTIN TX 78759-5316

ARROW TECH ASSOC
1233 SHELBURNE RD STE D8
SOUTH BURLINGTON VT 05403-7700

R EICHELBERGER
CONSULTANT

409 W CATHERINE ST
BEL AIR MD 21014-3613

SAIC

ATTN G CHRYSSOMALLIS

8500 NORMANDALE LAKE BLVD
SUITE 1610

BLOOMINGTON MN 55437-3828

UCLA MANE DEPT ENGR IV
ATTN HT HAHN
LOS ANGELES CA 90024-1597
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COPIES ORGANIZATION

1

UMASS LOWELL
PLASTICS DEPT
ATTN N SCHOTT

1 UNIVERSITY AVE
LOWELL MA 01854

IIT RESEARCH CAR
ATTN D ROSE

201 MILL ST

ROME NY 13440-6916

GA TECH RESEARCH INST
GA INST OF TCHNLGY
ATTN P FRIEDERICH
ATLANTA GA 30392

MICHIGAN ST UNIV

MSM DEPT

ATTN R AVERILL

3515 EB

EAST LANSING MI 48824-1226

PENN STATE UNIV

ATTN R S ENGEL

245 HAMMOND BLDG
UNIVERSITY PARK PA 16801

PENN STATE UNIV

ATTN C BAKIS

212 EARTH ENGR

SCIENCES BLDG
UNIVERSITY PARK PA 16802

PURDUE UNIV
SCHOOL OF AERO & ASTRO
ATTN CT SUN
W LAFAYETTE IN 47907-1282

UNIV OF MAINE

ADV STR & COMP LAB
ATTN R LOPEZ ANIDO
5793 AEWC BLDG
ORONO ME 04469-5793

JOHNS HOPKINS UNIV
APPLIED PHYSICS LAB
ATTN P WIENHOLD
11100 JOHNS HOPKINS RD
LAUREL MD 20723-6099

UNIV OF DAYTON
ATTN JM WHITNEY
COLLEGE PARK AVE
DAYTON OH 45469-0240



NO. OF

COPIES ORGANIZATION

5

UNIV OF DELAWARE

CTR FOR COMPOSITE MTRLS

ATTN J GILLESPIE M SANTARE
S YARLAGADDA S ADVANI
D HEIDER

201 SPENCER LAB

NEWARK DE 19716

DEPT OF MTRLS

SCIENCE & ENGRG

UNIV OF IL AT URBANA-CHAMPAIGN
ATTN J ECONOMY

1304 W GREEN ST 115B

URBANA IL 61801

MISSISSIPPI STATE UNIV
DEPT OF AEROSPACE ENGRG
ATTN A J VIZZINI
MISSISSIPPI STATE MS 39762

DREXEL UNIV

ATTN A SD WANG

3141 CHESTNUT ST
PHILADELPHIA PA 19104

UNIV OF TEXAS AT AUSTIN

CAR FOR ELECTROMECHANICS

ATTN JPRICE A WALLS
JKITZMILLER

10100 BURNET RD

AUSTIN TX 78758-4497

SOUTHWEST RESEARCH INST
ENGR & MATL SCIENCES DIV
ATTN JRIEGEL

6220 CULEBRA RD

PO DRAWER 28510

SAN ANTONIO TX 78228-0510

ABERDEEN PROVING GROUND

DIRECTOR

US ARMY RSCH LABORATORY
ATTN AMSRD ARL CIOK TECH LIB
BLDG 4600

US ARMY ATC
ATTN CSTE DTC AT ACI W CFRAZER
BLDG 400

DIR USARL
ATTN AMSRD ARL CI
BLDG
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COPIES ORGANIZATION

1

DIR USARL

ATTN AMSRD ARL O AP EG M ADAMSON

BLDG

DIR USARL
ATTN AMSRD ARL SL BB D BELY
BLDG 328

DIR USARL

ATTN AMSRD ARL WM J SMITH
DLYON

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM B CHIEF
T KOGLER

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM BC P PLOSTINS
JNEWILL

BLDG 390

DIR USARL

ATTN AMSRD ARL WM BD B FORCH
R PESCE-RODRIGUEZ B RICE

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM BD P CONROY
C LEVERITT A ZIELINSKI

BLDG 390

DIR USARL

ATTN AMSRD ARL WM BE R LIEB
M LEADORE

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM BF
S WILKERSON

BLDG 390

DIR USARL

ATTN AMSRD ARL WM M J MCCAULEY
S MCKNIGHT

BLDG 4600

DIR USARL
ATTN AMSRD ARL WM MA

L GHIORSE E WETZEL
BLDG 4600



NO. OF

COPIES ORGANIZATION

22 DIR USARL

11

11

ATTN AMSRD ARL WM MB
JBENDER T BOGETTI
JBROWN L BURTON
R CARTER K CHO W DE ROSSET
G DEWING R DOWDING
W DRYSDALE R EMERSON
D GRAY D HOPKINS R KASTE
L KECSKES M MINNICINO
B POWERS D SNOHA
JSOUTH M STAKER
JSWAB JTZENG
BLDG 4600

DIR USARL

ATTN AMSRD ARL WM MC J BEATTY
R BOSSOLI E CHIN
S CORNELISON D GRANVILLE
B HART JLASALVIA
JMONTGOMERY F PIERCE
E RIGAS W SPURGEON

BLDG 4600

DIR USARL
ATTN AMSRD ARL WM MD P DEHMER
B CHEESEMAN R DOOLEY
G GAZONAS S GHIORSE
M KLUSEWITZ W ROY J SANDS
S WALSH D SPAGNUOLO S WOLF
BLDG 4600

DIR USARL

ATTN AMSRD ARL WM RP J BORNSTEIN
C SHOEMAKER

BLDG 1121

DIR USARL
ATTN AMSRD ARL WM T B BURNS
BLDG 309

DIR USARL
ATTN AMSRD ARL WM TA W GILLICH
BLDG 309

DIR USARL

ATTN AMSRD ARL WM TA M BURKINS
B GOOCH T HAVEL C HOPPEL
E HORWATH JRUNYEON
M ZOLTOSKI

BLDG 393

DIR USARL

ATTN AMSRD ARL WM TB P BAKER
BLDG 309
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COPIES ORGANIZATION

1

DIR USARL
ATTN AMSRD ARL WM TC R COATES
BLDG 309

DIR USARL

ATTN AMSRD ARL WM TD D DANDEKAR
M RAFTENBERG S SCHOENFELD
T WEERASOORIYA

BLDG 4600

DIR USARL

ATTN AMSRD ARL WM TE CHIEF
JPOWELL

BLDG 1116A



NO. OF NO. OF
COPIES ORGANIZATION COPIES ORGANIZATION

1 LTD 1 DEF RES ESTABLISHMENT
R MARTIN VALCARTIER
MERL A DUPUIS
TAMWORTH RD 2459 BLVD PIE XI NORTH
HERTFORD SG13 7DG VALCARTIER QUEBEC
UK CANADA
PO BOX 8800 COURCELETTE
1 CIVIL AVIATION GOA IRO QUEBEC
ADMINSTRATION CANADA
T GOTTESMAN
PO BOX 8 ECOLE POLYTECH
BEN GURION INTRNL AIRPORT JMANSON
LOD 70150 DMX LTC
ISRAEL CH 1015 LAUSANNE
SWITZERLAND
1 AEROSPATIALE
S ANDRE TNO DEFENSE RESEARCH
A BTE CC RTE MD132 R IJSSELSTEIN
316 ROUTE DE BAYONNE ACCOUNT DIRECTOR
TOULOUSE 31060 R&D ARMEE
FRANCE PO BOX 6006
2600 JA DELFT
1 DRA FORT HALSTEAD THE NETHERLANDS
P N JONES

SEVEN OAKS KENT TN 147BP

FOA NATL DEFENSE RESEARCH

UK ESTAB
DIR DEPT OF WEAPONS &
1 SWISS FEDERAL ARMAMENTS PROTECTION
WKS B JANZON
W LANZ R HOLMLIN
ALLMENDSTRASSE 86 S 172 90 STOCKHOLM
3602 THUN SWEDEN
SWITZERLAND
DEFENSE TECH & PROC
1 DYNAMEC RESEARCH LAB AGENCY GROUND
AKE PERSSON I CREWTHER
BOX 201 GENERAL HERZOG HAUS
SE 151 23 SODERTALIJE 3602 THUN
SWEDEN SWITZERLAND
1 ISRAEL INST OF TECHLGY MINISTRY OF DEFENCE
S BODNER RAFAEL
FACULTY OF MECHANICAL ARMAMENT DEVELOPMENT
ENGR AUTH
HAIFA 3200 M MAYSELESS
ISRAEL PO BOX 2250
HAIFA 31021
1 DSTO ISRAEL
WEAPONS SYSTEMS DIVISION
N BURMAN RLLWS B HIRSCH
SALISBURY TACHKEMONY ST 6
SOUTH AUSTRALIA 5108 NETAMUA 42611
AUSTRALIA ISRAEL
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1

DEUTSCHE AEROSPACE AG
DYNAMICS SYSTEMS

M HELD

PO BOX 1340

D 86523 SCHROBENHAUSEN
GERMANY
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